BACKGROUND/OBJECTIVES: Hypertension affects about 30% of adults worldwide. Garlic has blood pressure-lowering properties and the mechanism of action is biologically plausible. Our trial assessed the effect, dose-response, tolerability and acceptability of different doses of aged garlic extract as an adjunct treatment to existing antihypertensive medication in patients with uncontrolled hypertension. SUBJECTS/METHODS: A total of 79 general practice patients with uncontrolled systolic hypertension participated in a double-blind randomised placebo-controlled dose-response trial of 12 weeks. Participants were allocated to one of three garlic groups with either of one, two or four capsules daily of aged garlic extract (240/480/960 mg containing 0.6/1.2/2.4 mg of S-allylcysteine) or placebo. Blood pressure was assessed at 4, 8 and 12 weeks and compared with baseline using a mixed-model approach. Tolerability was monitored throughout the trial and acceptability was assessed at 12 weeks by questionnaire. RESULTS: Mean systolic blood pressure was significantly reduced by 11.8±5.4 mm Hg in the garlic-2-capsule group over 12 weeks compared with placebo (P ¼ 0.006), and reached borderline significant reduction in the garlic-4-capsule group at 8 weeks ( À 7.4 ± 4.1 mm Hg, P ¼ 0.07). Changes in systolic blood pressure in the garlic-1-capsule group and diastolic blood pressure were not significantly different to placebo. Tolerability, compliance and acceptability were high in all garlic groups (93%) and highest in the groups taking one or two capsules daily. CONCLUSIONS: Our trial suggests aged garlic extract to be an effective and tolerable treatment in uncontrolled hypertension, and may be considered as a safe adjunct treatment to conventional antihypertensive therapy.
INTRODUCTION
Hypertension affects one billion or one in four adults worldwide, and attributes to about 40% of cardiovascular-related deaths. 1, 2 Current medical treatment with standard antihypertensive medication is not always effective, leading to a large proportion of uncontrolled hypertension. In Australia, 24% or 3 million of the adult population remained uncontrolled hypertensive in 2003. 3 In addition, side effects and complexity of treatment influence treatment adherence. 4, 5 As interest in and use of complementary and alternative medicines is high in patients with cardiovascular disease, 6, 7 there is a need to explore the integration of complementary and alternative medicine into the treatment of hypertension.
Garlic supplements have been associated with a blood pressure (BP)-lowering effect of clinical significance in hypertensive patients. [8] [9] [10] Although there are several garlic preparations on the market, including garlic powder, garlic oil and raw or cooked garlic, aged garlic extract is the preparation of choice for BP treatment. Aged garlic extract contains the active and stable component S-allylcysteine, which allows standardisation of dosage. 11 In addition, aged garlic extract has a higher safety profile than other garlic preparations, and does not cause bleeding problems if taken with other blood-thinning medicines such as warfarin. [12] [13] [14] The antihypertensive properties of garlic have been linked to stimulation of intracellular nitric oxide and hydrogen sulphide production, and blockage of angiotensin II production, which in turn promote vasodilation and thus reduction in BP. [15] [16] [17] [18] Here we assess the effect, dose-response, tolerability and acceptability of different doses of aged garlic extract as an adjunct treatment to existing antihypertensive medication in patients with uncontrolled hypertension.
SUBJECTS AND METHODS

Subjects and study design
Adult patients with uncontrolled hypertension (systolic BP (SBP) X140 mm Hg as recorded on their medical records in the past 6 months) from two general practices in metropolitan Adelaide, South Australia, were invited to participate in this double-blind randomised placebo-controlled parallel 12-week trial. We included primarily patients who were on an established plan of prescription antihypertensive medication for at least 2 months, including angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, calcium channel blockers, diuretics or b-blockers, and whose general practitioner was not planning to change the medication plan during the trial. We excluded patients with unstable or serious illness, for example, dementia, terminal illness, recent bereavement, secondary hypertension, recent significant medical diagnosis or pregnancy. Patients who were not able to provide informed consent, or were taking daily garlic supplements, were also excluded. We identified patients by search of electronic medical records using the practice clinical software package and the PEN Computer Systems Clinical Audit Tool, 19 and assessed eligibility in liaison with the patients' treating general practitioners. Patients who were interested in participating in the trial provided written consent by response to the invitation letter. Patients' eligibility was assessed at their first visit with the research nurse at their usual practice. Only patients whose SBP was X135 mm Hg under trial conditions were enroled in the trial. The study was approved by the Human Research Ethics Committees at the Royal Adelaide Hospital and The University of Adelaide. The trial was registered with the Australian New Zealand Clinical Trials Registry, number ACTRN12611000581965.
Allocation and treatment
Consenting eligible patients were randomly allocated to one of three garlic groups (g1, g2 and g4) or placebo using a computer-generated random number table provided by an independent consulting statistician. Patients were assigned either one, two or four capsules daily of Kyolic aged garlic extract (High Potency Everyday Formula 112; Wakunaga/Wagner, Sydney, Australia) 20 containing either 240/480/960 mg of aged garlic extract and 0.6/1.2/2.4 mg S-allylcysteine or placebo capsules for 12 weeks. Placebo capsules were matched in number, shape, size, colour and odour to the active capsules and were packaged in identical opaque containers by independent staff not involved in the trial. Sachets with a drop of liquid Kyolic were added to the containers for garlic odour. Patients, investigators and the research nurse were blinded to treatment allocation. Blinding success of patients was assessed at the end of the trial by questionnaire. Patients were instructed to take all trial capsules with the evening meal. Patients were reminded to take their usual prescription medication as instructed by their doctor. Compliance was assessed by daily entries in provided calendars.
BP monitoring
Primary outcome measures were SBP and diastolic BP (DBP) at 4, 8 and 12 weeks compared with baseline. BP was taken by a trained research nurse using a single calibrated and validated digital sphygmomanometer with appropriate sized cuffs (Omron HEM-907; JA Davey Pty Ltd, Melbourne, VIC, Australia). The display of the sphygmomanometer was positioned away from the patient to assure blinding to the BP readings. BP measurements were taken with the patient in a seated position with their arm supported at heart level, after 5 min rest, after abstinence from food, nutritional supplements, caffeinated beverages and smoking for a minimum of 2 h before the appointment at approximately the same time/day of the week. BP was recorded as three serial measurements at intervals of 30 s. The mean of the three BP measurements was used in the analysis. At the patients' baseline assessment, BP was measured on both arms, and the arm with the higher mean reading was used in subsequent visits. If the three SBP readings had more than 8 mm Hg difference, a second BP series was recorded.
Tolerability and acceptability
Tolerability of trial medication was monitored throughout the trial by questionnaire at the 4-weekly appointments. Acceptability and willingness to continue the trial treatment was assessed at 12 weeks using a questionnaire tested in previous trials. 10, 21 Patients who dropped out from the trial were followed up by phone to assess acceptability and their reasons for withdrawal.
Sample size A sample size of 84 patients, 21 in each of the four groups, was calculated based on the following assumptions: (a) to detect a difference of 10 mm Hg SBP (s.d. ¼ 10) in BP change between each of the active treatment (g1, g2 and g4: n ¼ 21, 21 and 21) and placebo groups (p total ¼ p1 þ p2 þ p4 capsules: n ¼ 7 þ 7 þ 7 ¼ 21), with 80% power and 95% confidence; 10 (b) to account for 10% drop-out or non-attendance at one or more appointments; (c) to adjust for clustering using a design effect of 1.2 based on the formula: Design effect ¼ (1 þ (size of cluster À 1) Â intracluster correlation coefficient of 0.02). Assuming a response rate of 15%, we estimated that we would need to invite about 840 hypertensive patients from the two large general practices. A linear mixed-effects model analysis was used to assess the mean differences of SBP and DBP between the groups at 4, 8 and 12 weeks and over time compared with baseline. Compound symmetry was assumed. For covariate analysis, we incorporated the following variables into the model to test for potential confounding: age, BMI, gender, smoking status and number of BP medicines. Analysis by type of BP medication was not meaningful because of small patient numbers in the subgroups.
Primary analyses were by intention to treat, including all available data regardless of protocol deviations, and planned adjusted analysis, excluding data points owing to BP medication change or participant's noncompliance.
Tolerability was analysed descriptively and differences between the groups assessed by w 2 test. Differences in acceptability of the treatment between the groups were assessed by Kruskal-Wallis test. Blinding success was assessed by Fisher's exact test for garlic versus placebo, and KruskalWallis test to ascertain differences between the garlic groups.
RESULTS
Participants
The trial was conducted in Adelaide, South Australia, between August 2011 and March 2012. Patients with uncontrolled hypertension on medical record were recruited from two metropolitan general practices. Of the 840 patients invited, 14% responded and were screened for eligibility, and 84 patients were enroled randomly allocated to one of four treatment groups. Five patients withdrew before further assessment because of personal reasons unrelated to the trial ( Figure 1 ). Baseline characteristics of the 79 patients participating in the trial were not significantly different between the garlic and placebo groups (Table 1) . A total of 42 men and 37 women with a mean age of 70±12 years participated in the trial. Participants took on average 2 ± 1 different types of antihypertensive medication (range 0-4), with angiotensin II receptor blockers the most often prescribed (46%). Family history of cardiovascular disease was reported by almost half of the participants, including premature cardiovascular events by 15% (Table 1) .
Compliance and withdrawals Despite doctors being aware of a patient's participation in this trial, BP medication regimen was changed for four participants during the trial (g1: n ¼ 2 and g2: n ¼ 1 before 4 weeks; P ¼ 1 before 12 weeks). As change in BP medication was expected to have influenced patient's BP and biased the effect of the trial supplement, the correlating data points were excluded from planned adjusted analysis.
Patient's compliance was assessed by calendar entries. We excluded data points from planned adjusted analysis if compliance was o80%, which was more pronounced around the Christmas/New Year's holiday period.
Five patients withdrew after 4 weeks, three due to gastrointestinal complaints (g4: n ¼ 2; P ¼ 1), one due to a broken arm (g4: n ¼ 1) and one was no longer interested in participating (g1: n ¼ 1).
Blood pressure Intention-to-treat analysis of 79 patients revealed a significant reduction in SBP from baseline in the garlic-2 group compared with placebo over 12 weeks (mean diff. SBP±s.e. (95% confidence interval) ¼ À 9.7 ± 4.8 ( À 19.3; À 0.1) mm Hg; P ¼ 0.03; Table 2 ). Intention-to-treat analysis of DBP did not reveal a significant effect of treatment between the groups.
In the planned adjusted analysis, we excluded patients whose prescription BP medication was changed by their doctor between baseline and visit 1 at 4 weeks measurements (n ¼ 4) and those with poor compliance (n ¼ 2), as these deviations from protocol would have influenced BP readings. Figure 2 illustrates the results of planned adjusted analysis of 74 patients, which revealed a significant difference in reduction of SBP between the garlic-2 group and placebo at 8 and 12 weeks, and over time compared with baseline (g2; 0-12 weeks: mean diff. SBP ± s.e. (95% confidence interval) ¼ À 11.8±5.4 ( À 22.6; À 1.0) mm Hg; P ¼ 0.006; Table 2 ). SBP reduction in the garlic-4 group reached borderline significance at 8 weeks compared with placebo. Although SBP dropped significantly within the garlic-1 group at 12 weeks, the change did not reach statistical significance when compared with placebo.
Treatment did not have a noticeable effect in all patients. Change of SBP ranged from À 40 to þ 5 mm Hg across all groups. SBP did not change by more than 5 mm Hg in a third of the participants (33.8%) over the course of the trial independent of group allocation (SBP change o5 mm Hg: g1 ¼ 43%; g2 ¼ 25%; g4 ¼ 26%, p ¼ 32%). Covariate analysis by gender, age, BMI, smoking status and number of BP medication did not explain differences in patients' response to treatment. Analysis by type of BP medication was limited by the small sample sizes in subgroups and complicated by the number of drug combinations, and did not reveal any influence of BP medication type on the treatment effect.
Planned adjusted analysis of DBP revealed the largest reduction in DBP in the garlic-2 group (mean diff. DBP±s.e. (95% confidence interval): À 5.3 ± 4.2 ( À 13.7; 3.1) mm Hg), albeit insignificantly different to placebo (Table 2 and Figure 2 ). Tolerability, acceptability and blinding Three participants (4%) withdrew because of gastrointestinal side effects after 4 weeks, two in the garlic-4 group and one in the placebo group (P40.05). Participants in the garlic groups reported minor complaints in the first week of the trial, including constipation, bloating, flatulence, reflux, garlic taste and difficulty swallowing the capsules (23%), and dry mouth and cough in the garlic-1 (n ¼ 2) and placebo group (n ¼ 1) (Table 3) . A larger number of participants reported side effects in the garlic-4 group compared with the garlic-2 and garlic-1 groups, albeit not statistically significant. Participants found ways to overcome the reported minor complaints, for example, by taking the capsules in the morning rather than in the evening.
Most of the participants found taking the trial capsules easy (g all : 83%; p: 84%) and acceptable (g all : 93%; p: 90%; Table 3 ). There was a trend towards greater ease and acceptability with the allocation of fewer capsules daily (garlic-1 and -2 versus garlic-4), albeit this difference was not statistically significant. Most of the participants (g all : 80%; p: 74%) reported that they would be willing to continue taking the capsules after the trial was finished, if the treatment was effective in reducing their BP. About two-thirds of participants (g all : 65%; p: 58%) were willing to pay the estimated out-of-pocket costs of A$0.3 per capsule. Participants were more willing to continue and carry the costs if fewer capsules would have to be taken daily (garlic-1 and -2 versus garlic-4, Po0.05).
Blinding success was measured at the end of the trial by questionnaire. A third of the participants correctly guessed their allocation to either a garlic (33%) or placebo group (37%), whereas Figure 1 . Trial flow chart. g1, garlic-1-capsule group; g2, garlic-2-capsule group; g4, garlic-4-capsule group; p, placebo group.
Aged garlic extract for hypertension K Ried et al more than half of the participants were unsure of their allocation (58% garlic groups, 63% placebo), and 8% of participants in a garlic group incorrectly thought they had taken placebo capsules. A slightly greater proportion of participants in the garlic-4 group had guessed correctly, albeit differences between the groups were not statistically significant.
DISCUSSION
Our trial suggests aged garlic extract to be superior to placebo in lowering SBP in patients with uncontrolled hypertension. A dosage of two capsules daily containing 480 mg of aged garlic extract and 1.2 mg of S-allylcysteine significantly lowered SBP by mean SBP ± s.e. ¼ À 11.8 ± 5.4 mm Hg (P ¼ 0.006) compared with placebo over 12 weeks, was well tolerated and highly acceptable. The observed reduction in SBP is comparable to that achieved with commonly prescribed antihypertensive medicines, and is of clinical significance, whereby a reduction of about 10 mm Hg in SBP is associated with a risk reduction in cardiovascular disease by 16-40%.
22,23
The larger daily dosage of four capsules of aged garlic extract also lowered SBP, albeit the mean difference of SBP ± s.e. ¼ À 7.4±4.1 mm Hg at 8 weeks compared with placebo was of borderline significance (P ¼ 0.07). The smaller reduction in SBP in the garlic-4 group compared with the garlic-2 group may have been linked to the poorer compliance and lesser tolerability seen in the garlic-4 group. A dosage of one capsule of aged garlic extract daily did not lower SBP significantly different to placebo.
In all, 4% of participants (3 out of 79) withdrew from the trial after 4 weeks because of gastrointestinal complaints, two in the garlic-4 group and one in the placebo-4 group. Although rare, gastrointestinal disturbances have been reported in other trials using therapeutic dosages of garlic by similar proportions of participants. 10, 24, 25 Lower tolerance of sulphur-containing foods such as garlic and onion has been linked to genetic variation in detoxification pathways of sulphur-transferase enzymes, as well as inflammatory status, and levels of molybdenum and vitamin B12. 26, 27 Other minor side effects were reported by a third (32%) of the participants in the garlic-4 group, and 15% in the garlic-2 and garlic-1 groups compared with 5% in the placebo group. Minor side effects included bloating, flatulence and reflux. However, most side effects were reported in the first week of the trial, and participants found ways to overcome these, for example, by taking the trial capsules in the morning rather than in the evening. Greater tolerability, compliance, acceptance and willingness to continue and pay for capsules were associated with a lower dosage and fewer capsules daily. Aged garlic extract for hypertension K Ried et al Our trial had limited power to detect any significant changes in DBP between the garlic groups and placebo, as participants were selected on the basis of systolic hypertension, subsequently including o13% of participants with essential hypertension (DBP 490 mm Hg; 5-20% in each group). A trend towards greater reduction in DBP was observed in the garlic-2 groups compared with placebo (mean diff. DBP ± s.e.: À 5.3 ± 4.2 mm Hg), albeit not statistically significant. Our trial was also underpowered to undertake meaningful analysis by type of BP medication, complicated by the number and combination of antihypertensives possible.
The results of this trial are in line with our previous findings of aged garlic extract being effective in reducing SBP in hypertensives. 10 Here we demonstrate that a daily dosage of two capsules of the high potency formula of aged garlic extract is effective and more practical than a daily dosage of four capsules. Furthermore, our findings indicate that a dosage of one capsule of high potency formula was not sufficient to reduce effectively SBP, highlighting the importance of correct dosing and choice of product formulation.
Dosage of the active ingredient S-allylcysteine in aged garlic extract is crucial to effectiveness in reducing BP, and needs to be reviewed when comparing results to other trials testing garlic products. 8, 9 Our trial tested the effect of aged garlic extract as an adjunctive antihypertensive treatment in a mainly older population (mean age 70±12 years). It would be interesting to explore the effectiveness in other age groups with uncontrolled, treated or untreated hypertension.
In about 30% of participants, SBP did not waver for more than 5 mm Hg during the course of the trial, suggesting an underlying unresponsiveness to antihypertensive treatment. Future trials could explore potential underlying factors, such as genetic variations in the aldosterone synthase gene/enzyme pathway, which has been suggested to influence the response to antihypertensive treatment. 28, 29 Larger trials are required to explore any effect of other antihypertensive medicines that patients are already taking on the effectiveness of adjunct therapy with aged garlic extract. It would also be interesting to explore the effect of aged garlic extract on other cardiovascular risk factors and the influence of standard drug therapy on its effectiveness. Moreover, long-term trials would provide insights into the effect of aged garlic extract on cardiovascular morbidity and mortality.
In summary, our trial suggests aged garlic extract to be an effective and tolerable treatment in uncontrolled hypertension, and may be considered as a safe adjunct treatment to conventional antihypertensive therapy. Reported side effects and acceptability of treatment were not statistically significant between the garlic and placebo groups. The willingness to pay for supplements was stronger in the garlic-1-capsule group compared with garlic-2 and -4 capsule groups (Po0.05).
Aged garlic extract for hypertension K Ried et al
